Although single cell RNA sequencing (scRNA-seq) technology is newly invented and promising 4 one, because of lack of enough information that labels individual cells, it is hard to interpret 5 the obtained gene expression of each cell. Because of this insufficient information available, 6 unsupervised clustering, e.g., t-Distributed Stochastic Neighbor Embedding and Uniform Manifold 7 Approximation and Projection , is usually employed to obtain low dimensional embedding that 8 can help to understand cell-cell relationship. One possible drawback of this strategy is that the 9 outcome is highly dependent upon genes selected for the usage of clustering. In order to fulfill 10 this requirement, there are many methods that performed unsupervised gene selection. In this 11 study, a tensor decomposition (TD) based unsupervised feature extraction (FE) was applied to 12 the integration of two scRNA-seq expression profiles that measure human and mouse midbrain 13 development. TD based unsupervised FE could not only select coincident genes between 14 human and mouse, but also biologically reliable genes. Coincidence between two species as 15 well as biological reliability of selected genes is increased compared with principal component 16 analysis (PCA) based FE applied to the same data set in the previous study. Since PCA based 17 unsupervised FE outperformed other three popular unsupervised gene selection methods, highly 18 variable genes, bimodal genes and dpFeature, TD based unsupervised FE can do so as well. 19 In addition to this, ten transcription factors (TFs) that might regulate selected genes and might 20 contribute to midbrain development are identified. These ten TFs, BHLHE40, EGR1, GABPA, 21 IRF3, PPARG, REST, RFX5, STAT3, TCF7L2, and ZBTB33, were previously reported to be 22 related to brain functions and diseases. TD based unsupervised FE is a promising method to 23 integrate two scRNA-seq profiles effectively. 24 Keywords: tensor decomposition, enrichment analysis, sngle cell RNA-sequencing, midbrain development, inter-species analysis 25
(1)
It is Case I Type II tensor (32) . Here Case I means that tensor is generated such that two matrices share the 86 samples while Type II means that summation is taken over as in eq. (2). On the other hand, tensor before 87 taking summation as in eq. (1) is Tupe I. Since it is too large to be decomposed, we further transform it 88 into type II tensor as 89
where x jk ∈ R M ×K is now not a tensor but a matrix. In this case, TD is equivalent to singular value 90 decomposition (SVD). After applying SVD to x jk , we get SVD, 91
where u j ∈ R M ×M and v k ∈ R K×K are singular value vectors attributed to cells of human scRNA-seq 92 and those of mouse scRNA-seq, respectively. Singular value vectors attributed to genes of human and mouse scRNA-seq, u i ∈ R N ×M and v i ∈ 94 R N ×K , are defined as
respectively. 96 In order to find genes associated with biological functions, we need to select u j and v k which are 97 coincident with biological meaning. In this study, we employ time points of measurements as biological 98 meanings. In other words, we seek genes associated with time development. Since we would like to find 99 any kind of time dependence, we simply deal with time points as un-ordered labelling. Thus, we apply 100 categorical regression 101 u j = a + T t=1 a t δ jt (6) (T=6; t=1 to T correspond to 6, 7, 8, 9, 10 and 11 weeks, see Methods and Materials) or
(T=7; t=1 to T correspond to E11.5, E12.5, E13.5, E14.5, F15.5, E18.5 and unknown, see Methods and 103 Materials) where δ jt (δ kt ) = 1 when the jth(kth) cell is taken from the tth time point otherwise δ jt (δ kt ) = 0. 104 a , a t , b and b t are the regression coefficients.
105
P -values are attributed to th singular value vectors using the above categorical regression (lm function 106 in R (15) is used to compute P -values). P -values attributed to singular value vectors are corrected by BH 107 criterion (1). Singular value vectors associated with corrected P -values less than 0.01 are selected for the 108 download analysis. Hereafter, the set of selected singular value vectors of human and mouse are denoted as 109 Ω human and Ω mouse , respectively.
110
P -values are attributed to genes with assuming χ 2 distribution for the gene singular value vectors, u i 111 and v i , corresponding to the cell singular value vectors selected by categorical regression as
for human genes and
for mouse genes, respectively. Here
and The application of TD based unsupervised FE to mouse hypothalamus is quit similar to that to mouse 122 and human midbrain. There are also two matrices, x ij ∈ R N ×M and x ik ∈ R N ×K that correspond to ith 123 expression of jth and kth cells under the two distinct conditions (in the present case, they are without and 124 with acute formalin stress, respectively); N = 24341, M = 1785 and K = 1096. Type I Case II tensor, x jk , 125 was also generated using eqs.
(1) and (2) and SVD was applied to x jk as eq. (3). Then singular vale vectors 126 attributed to genes of samples without and with acute formalin stress, u i and v i were computed by eqs.
127
(4) and (5). We alos applied categorical regressions to u i and v i , although categories considered here are 
where s stands for one of seven cell types mentioned in §2.1.2 and δ js (δ ks ) = 1 when the jth(kth) cell is
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As a result, following the procedure described in Methods and Materials, we identified 55 and 44 singular 6) and (7), are less than 150 0.01, not selected: otherwise. Odds ratio is as many as 227 and P -values computed by Fisher's exact test is 151 1.44 × 10 −44 .
152 Figure 1 shows the coincidence of selected singular value vectors between human and mouse. Singular 153 value vectors with smaller s, i.e., with more contributions, are more likely selected and coincident 154 between human and mouse. This can be the side evidence that guarantees that TD based unsupervised FE 155 successfully integrated human and mouse scRNA-seq data.
156
Next, we selected genes with following the procedures described in Methods and Materials. The first 157 validation of selected genes is the coincidence between human and mouse. In my previous study (34), more 158 number of common genes were selected by PCA based unsupervised FE than other methods compared, i.e., 159 highly variables genes, bimodal genes and dpFeature. Table 3 shows the confusion matrix that describes 160 the coincidence of selected genes between human and mouse. Odds ratio is as large as 133 and P -value 161 is 0 (i.e., less than numerical accuracy), which is significantly better than coincidence of selected genes 162 between human and mouse (53 common genes between 116 genes selected for human and 118 genes 163 selected mouse), previously achieved by PCA based unsupervised FE (34) achieved by TD based unsupervised FE is "Allen Brain Atlas", to which only downregulated genes were 173 enriched in the previous study (34) . As can be seen in Table 4 , now many enrichment associated with 174 upregulated genes. In addition to this, most of top ranked five terms are related to paraventricular, which is 175 adjusted to midbrain. This suggests that TD based unsupervised FE successfully identified genes related to 176 midbrain.
177
In addition to this, "Jensen TISSUES" (Table 5) for Embryonic brain is highly enhanced (i.e., more 178 significant (smaller) P -values ∼ 10 −100 , which were as large as 10 −10 to 10 −20 in the previous study (34)).
With following the procedure described in the materials and methods, we identified 30 and 24 singular 221 value vectors attributed to cells, u j s and v k s, without and with acute formalin stress, respectively. We 222 again applied Fisher's exact test (Table 10) . Although odds ratio is ten times larger than that in Table 2 , 223 P -value is even smaller than that in Table 2 ; This suggests that TD based unsupervised FE could identify 224 not all of genes but only limited genes as being common between two experimental conditions: without 225 and with stress.
226 Figure 3 shows the coincidence of selected singular value vectors between samples without and with 227 stress. Singular value vectors with smaller s, i.e., with more contributions, are more likely selected and 228 coincident between samples without and with stress. This can be the side evidence that guarantees that TD 229 based unsupervised FE successfully integrated scRNA-seq data taken from samples without and with stress 230 with avoiding to regard that all are coincident between two samples.
231
Next, we selected genes with following the procedures described in Methods and Materials. The first 232 validation of selected genes is the coincidence between human and mouse. Table 11 shows the confusion 233 matrix that describes the coincidence of selected genes between samples without and with stress. Odds 234 ratio is as large as 270 and P -value is 0 (i.e., less than numerical accuracy). Thus as expected, TD based 235 unsupervised FE could not all but limited number of genes associated with cell type dependence.
236
Finally, we tried to evaulate if genes selected are tissue type specific, i.e., hypothalamus. We have 237 uploaded commonly selected 3324 genes to Enrichr. 'GTEx Tissue Sample Gene Expression Profiles up' 238 suggest that all five top ranked terms are brain with high significance (adjusted P -vlaues are less than 239 1 × 10 −130 ). This suggests that TD based unsupervised FE successfully limited number of genes related to 240 brains even using closely related samples. In order to be more specific, we checked 'Allen Brain Atlas up' 241 in Enrichr. Then we found that all top ranked five terms are hypothalamic (Table 13 ). It is interesting that 242 TD based unsupervised FE could successfully identify hypothalamic specific genes only using scRNA-seq 243 retrieved from hypothalamic. It is usually required to use data taken from other tissues in order to identify 244 tissue specific genes because we need to compare targeted tissues and not targeted tissues in order to 245 identify genes expressive specifically in target tissues. The successful identification of genes specific to 246 something without using the comparison with other samples was also observed previously when tumor 247 specific genes are tried to be identified with TD based unsupervised FE (30). In this sense, TD based 248 unsupervised FE methods are effective not only when genes common between two distinct conditions are 249 sought but also when genes common between two closely related conditions are sought. Thus, it is unlike 250 that the success of TD based unsupervised applied to scRNA-seq is accideintal.
251
DISCUSSIONS AND FUTURE WORK
In this study, we applied TD based unsupervised FE to the integration of scRNA-seq data sets taken from 252 two species: human and mouse. In the sense of identification of biologically more relevant set of genes, TD 253 based unsupervised FE can outperform PCA based unsupervised FE that previously (34) could outperform 254 three more popular methods: highly variable genes, bimodal genes, and dpFeature. Thus, it is expected that 255 TD based unsupervised FE can do so, too.
256
For the purpose of integration of two scRNA-seq data set, TD based unsupervised FE has many advantages 257 than other four methods, i.e., PCA based unsupervised FE, highly variable genes, bimodal genes and 258 dpFeature. At first, TD based unsupervised FE can integrate two scRNA-seq data set, not after the selection 259 of genes, but before the selection of genes. This enables us to identify more coincident genes set between Table 3 . Confusion matrix of coincidence between selected 456 genes for human and selected 505 genes for mouse among all 13384 common genes. Selected: corrected P -values, computed with χ 2 distribution eqs. (8) and (9), are less than 0.01, not selected: otherwise. Odds ratio is as many as 133 and P -values computed by Fisher's exact test is 0 (i.e. less than numerical accuracy).
FIGURE CAPTIONS
human not selected selected mouse not selected (12) and (13), are less than 0.01, not selected: otherwise. Odds ratio is as many as 2483 and P -values computed by Fisher's exact test is 1.92 × 10 −40 . with stress not selected selected without stress not selected 1065 1 selected 7 23 Table 11 . Confusion matrix of coincidence between selected 4150 genes for samples without stress and selected 3621 genes for samples with stress among all 24341 genes. Selected: corrected P -values, computed with χ 2 distribution that correspond to eqs. (8) and (9) in human and mouse midbrain study, are less than 0.01, not selected: otherwise. Odds ratio is as many as 270 and P -values computed by Fisher's exact test is 0 (i.e. less than numerical accuracy). with stress not selected selected without stress not selected 19894 297 selected 826 3324 Table 12 . Five top ranked terms from 'GTEx Tissue Sample Gene Expression Profiles up' by Enrichr for 3324 genes selected commonly between samples without and with stress. Term Overlap P -value Adjusted P -value GTEX-WWYW-0011-R10A-SM-3NB35 brain female 50-59 years 1006/2885 2.7880 × 10 −151 8.135 × 10 −148 GTEX-T6MN-0011-R1A-SM-32QOY brain male 50-59 years 859/2317 2.9865 × 10 −144 4.3575 × 10 −141 GTEX-QVUS-0011-R3A-SM-3GAFD brain female 60-69 years 963/2759 6.8195 × 10 −144 6.6325 × 10 −141 GTEX-T2IS-0011-R3A-SM-32QPB brain female 20-29 years 967/2792 5.5265 × 10 −142 4.0315 × 10 −139 GTEX-WZTO-0011-R3B-SM-3NMC6 brain male 40-49 years 991/2972 2.6805 × 10 −133 1.5645 × 10 −130 
